General procedures
General procedure A for the synthesis of semicarbazides. To a solution of BTC (0.335 mmol, 0.335 equiv.) in anhydrous THF (6 mL), under argon, was added dropwise (over 5 minutes) a solution of amino acid derivative (1 mmol, 1 equiv.) and DIEA (1.1 mmol, 1.1 equiv.) in anhydrous THF (2.5 mL). The mixture was stirred at rt for 15 minutes. A solution of tert-butyl 2-allylhydrazinecarboxylate or tert-butyl 2-(but-3-en-1-yl)hydrazinecarboxylate (1 mmol, 1 equiv.) and DIEA (1.1 mmol, 1.1 equiv.) in anhydrous THF (1.5 mL) was added dropwise. The mixture was heated at 50 °C overnight and evaporated in vacuo.
General procedure B for the multicomponent reaction with alcohols. A solution of Rh(CO) 2( acac) (0.02 equiv.) and Biphephos (0.06 equiv.) in anhydrous THF (1 mL), prepared in a Schlenk glassware under an argon atmosphere, was introduced under argon into a stainless steel autoclave containing the semicarbazide (0.35 mmol, 1 equiv.) and camphorsulfonic acid (0.5 equiv.) in MeOH, EtOH, nPrOH or iPrOH (10 mL).
The reactor was purged three times with H 2 /CO (1:1, 5 bar) and filled with H 2 /CO (1:1, 5 bar). The reactor was heated to 70 °C and stirred for 16 h. The reactor was then cooled to rt and vented to ambient pressure.
The solution was quenched with a saturated aqueous solution of NaHCO 3 and concentrated in vacuo. Water was added to the mixture and the aqueous layer was extracted three times with EtOAc. The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated. The crude product was analyzed by 1 H NMR to determine the diastereoselectivity of the reaction. 
tert-butyl (S)-2-allyl-2-(benzyl(1-methoxy-1-oxopropan-2-yl)carbamoyl)hydrazine-1-carboxylate (1a).
Synthesis was performed following general procedure A starting from (S)-N-benzyl-1-methoxy-1-oxopropan-2-aminium chloride in CH 2 Cl 2 /THF (1:1). Purification on silica gel eluting with 20-30% EtOAc in n-heptane adding 0.1% of NEt 3 followed by a purification on flash chromatography eluting with 5-100% (m, 2H), 4.56 (d, J = 16.6 Hz, 1H), 4.42 (d, J = 16.6 Hz, 1H), 4.06 (q, J = 7.0 Hz, 1H), 3.95 (dd, J = 15.1, 6.6 Hz, 1H), 3.81 (dd, J = 15.1, 6.6 Hz, 1H) , 3.60 (s, 3H), 1.33 (s, 9H), 1.28 (d, J = 7.0 Hz, 3H); 13 C NMR (100 MHz, DMSO-d 6 ) δ 172. 5, 161.7, 154.2, 138.7, 133.8, 127.9, 126.8, 126.4, 118.0, 79.3, 55.9, 52.5, 51.9, 51.6, 27.8, 15. 8, 161.7, 154.0, 138.5, 133.5, 127.2, 127.0, 125.8, 117.0, 79.2, 64.5, 52.9, 50.6, 48.0, 34.0, 27.6, 24.4, 15.3, 10.3 0, 160.4, 153.8, 133.8, 116.8, 79.1, 55.6, 52.7, 51.0, 45.6, 37.2, 27.6, 25.3, 22.1, 21.9, 15 137.6, 133.4, 128.7, 127.6, 127.3, 126.9, 126.0, 125.7, 117.1, 79.2, 61.6, 52.6, 51.4, 51.0, 35.5, 27.6 ; HRMS (ESI-TOF) : calcd.
for C -S6 -153.9, 138.1, 133.5, 127.3, 127.2, 126.1, 117.0, 79.2, 76.9, 59.9, 52.6, 50.9, 50.3, 40.1, 29.0, 28.8, 27.8, 27.5, 23. [ ∝ ] 20 =-8.8 ( 0.25, )
-S7 -For compounds 4a-c,e-f, analytical data were in agreement with those previously published. 1 Hydroformylation was performed following general procedure B starting from tert-butyl (S)-2-allyl-2- -S8 - .
[ [ ∝ ] 20 =-14.6 ( 0.24, )
(3S,6R)-2-benzyl-6-isopropoxy-3-methylhexahydropyridazino[1,2-a][1,2,4]triazine-1,4-dione (4i).
Hydroformylation was performed following general procedure B starting from tert-butyl (S)-2-allyl-2-(benzyl(1-methoxy-1-oxopropan-2-yl)carbamoyl)hydrazine-1-carboxylate (1a) in iPrOH (13.2 mL)/THF 4, 154.3, 137.7, 128.4, 127.7, 127.3, 74.8, 68.1, 54.9, 47.4, 43.5, 28.1, 22.8, 21.1, 17.9, 15. -S10 -155. 3, 136.6, 128.9, 128.4, 128.1, 57.0, 54.7, 48.5, 44.8, 33.7, 29.4, 23.3, 19.9, 15.7, 13.7 ; HRMS (ESI-TOF): calcd. for C 18 H 25 N 3 O 2 SNa M+Na + : 370.15652, found : 370.15578; R f : 0.32 (50% AcOEt in nheptane); .
[ ∝ ] 3, 157.8, 138.3, 128.8, 127.4, 127.4, 58.6, 53.2, 46.9, 43.9, 34.2, 29.6, 23.4, 19.7, 13.8, 13.7 50 (m, 1H), 4.77 (d, J = 15.4 Hz, 1H), 1H), 4.16 (d, J = 15.4 Hz, 1H), 3.78 (q, J = 7.0 Hz, 1H), 1H), 1H), 3H), 1.17 (d, J = 7 .0 Hz, 3H); 13 C NMR (100 MHz, MeOD-d 4 ) δ 166. 8, 156.0, 138.0, 130.0, 129.1, 117.4, 56.3, 49.9, 45.5, 44.3, 27.2, 21.8, 16. 4, 158.7, 139.4, 129.9, 128.4, 127.9, 117.6, 54.0, 47.5, 45.3, 44.9, 27.2, 21.5, 13. 2, 160.6, 150.8, 137.6, 127.9, 126.5, 126.4, 125.6, 105.5, 80.9, 55.7, 51.2, 50.7, 45.7, 27.4, 20.0, 14. .
[ 160.9, 160.1, 155.0, 154.5, 138.6, 138.5, 127.9, 127.7, 127.3, 126.7, 126.5, 126.4, 88.5, 87.1, 81.7, 81.4, 56.3, 56.2, 51.8, 51.8, 51.3, 51.3, 50.1, 44.4, 44.0, 27.5, 27.4, 26.5, 26.3, 17.1, 16.7, 15.6, 14.5 ; HRMS (ESI-TOF) : calcd. for C 22 H 33 N 3 O 6 Na M+Na + : 458.22671, found : 458.22586; R f : 0.22 (50% EtOAc in nheptane).
-S13 -Minimized structure of compounds 4a,f-j and 6 based on dynamic molecular calculations.
Heat of formations (ΔH) are calculated based on MM2 calculations in CS Chem3D Ultra with minimization energy to minimum RMS Gradient of 0.010. 
